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Abstract

Large volumes of plasma can be fractionated by the method of Caten words

at low cost. However, liquid chromatography is superior in terms oflbumin production
the quality of the product obtained. In order to combine the advantagéidustrial chromatography
of each method, we developed an integrated method for the prodtfdeémoderivate production
tion of human albumin and immunoglobulin G (IgG). The cryopre-Downstream process
cipitate was first removed from plasma for the production of factof asma derivatives
method of Cohn. The first precipitate, containing fractions (F)-1 + Il +

I, was used for the production of IgG by the chromatographic method

(see Tanaka K et al. (199Bjazilian Journal of Medical and Biologi-

cal Research31: 1375-1381). The supernatant of F-I + Il + Il was

submitted to a second precipitation and F-IV was obtained and

discarded. Albumin was obtained from the supernatant of the precipi-

tate F-1V by liquid chromatography, ion-exchange on DEAE-Sepharose

FF, filtration through Sephacryl S-200 HR and introduction of heat

treatment for fatty acid precipitation. Viral inactivation was per-

formed by pasteurization at €D for 10 h. The albumin product

obtained by the proposed procedure was more than 99% pure for the

15 lots of albumin produced, with a mean yield of 25.0 + 0.5 g/l

plasma, containing 99.0 to 99.3% monomer, 0.7 to 1.0% dimers, and

no polymers. Prekallikrein activator levels wesB 1U/ml. This

product satisfies the requirements of the 1997 Pharmacopée Europé-

enne.

Introduction

umes of plasma per batch at low cost conmethod.

pared to other methods. On the other hand, The combination of two or more methods
the quality of the product obtained by liquidsuch as precipitation with cold ethanol and
chromatography is superior (2,3). In order tdiquid chromatography or thermoprecipitation
obtain advantages from both methods, wis commonly employed at some plasma frac-
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developed a technologically attractive inte-
grated technique for the production of hu-

It is well known that the method of Cohnman albumin from plasma using alcohol frac-
(1) permits the fractionation of large vol-tionation followed by the chromatographic



1384

Cryoprecipitate

Factor-VIII

Ppt F-I, 11 + Il
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tionation centers, with some variation in themethod of Cohn (1); the supernatant was
method but with satisfactory results in termghen submitted to DEAE-Sepharose FF ion-
of product yield and quality (4-7). In 1996 exchange chromatography followed by CM-
the Bioplasma Division of CSL Limited, Sepharose FF and finally gel filtration on
Victoria, Australia (8), reported a new pro-Sephacryl S-200 HR. Albumin produced by
cess for manufacturing albumin using a comthe combined method contains very low alu-
bination of Cohn fractionation and chro-minum levels compared to the product ob-
matographic methods. Plasma was first praained by the Cohn process alone, and the
cessed by ethanol precipitation to removerekallikrein activator (PKA), which is gen-
fractions (F) I, 1l and Ill according to the erated by contact activation during process-

Frozen plasma

-Thawing #C
-Centrifugation

Cryosupernatant

-pH 7.2
-Temperature -5
-Ethanol 19%
-Centrifugation

Supernatant | + 11 + I

-pH 5.2
-Temperature <5
-Ethanol 18%
-Centrifugation

Ppt IV

Supernatant IV

F2 DEAE

-Concentration 8% (w/)
-pH 5.2

-Conductivity 1.40 mS/cm
DEAE-Sepharose FF

-Concentration 7% (w/v)
-Fatty acid precipitation with heat treatment

Albumin fatty acid free

Sephacryl S-200 HR

Monomeric albumin

-Concentration 22% (w/v)
-Formulation

-Viral inactivation
-Sterilization by filtration
-Bottling

Albumin 20% (Wv)

Figure 1 - Flow diagram for the production of human albumin by a combination of the Cohn
and liquid chromatography methods. Ppt, Precipitate.

Braz ) Med Biol Res 31(11) 1998

ing, is also removed mainly in the chromato-

graphic step (8). A reduction of processing

time and the need for less equipment were
observed in many cases, without affecting

the quality of the product. Thus, this integra-

tion of methods is considered to be advanta-
geous also in economic terms (6).

The method summarized in Figure 1 uses
two alcohol precipitation steps and two chro-
matographic steps, i.e., ion-exchange on
DEAE-Sepharose FF and gel filtration on
Sephacryl S-200 HR.

Material and Methods

One hundred liters of plasma were thawed
to 2 to #4C and centrifuged at the same
temperature to obtain a cryoprecipitate which
was stored at -PC for later production of
factor VIII. The pH of the supernatant of the
cryoprecipitate was readjusted to 7.2 with 1
M acetic acid and the mixture was gradually
cooled to -8C in a stainless steel reactor.
Ethanol (95%, w/v) at -3C was slowly
added with constant stirring until a final
concentration of 19% was obtained. The
material was left to stand overnight atGC5
and then centrifuged at the same temperature
in a Westphalia BKA-2 centrifuge at a flow
of 35 I/h in order to obtain the F-1 + 11 + 11l
precipitate which was used for the produc-
tion of intravenous immunoglobulin G (IgG)
(9,10).

The | + 11 + Ill supernatant was adjusted
to pH 5.2 with acetate buffer, pH 4.0, con-
taining 0.8 M sodium acetate and 4 M acetic
acid, with constant stirring at %G, thus re-
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ducing the ethanol concentration to the decentrated to 22% (w/v) using the Pellicon

sired level of 18%. The material was left toCassette System 10,000 NMWL and submit-

stand overnight at °& and then centrifuged ted to the formulation process using sodium

at the same temperature at a flow of 35 I/h toaprylate (0.16 mmol/g protein) to stabilize

remove the F-1V precipitate, which was disthe product.

carded. The supernatant of the F-IV precipi- ‘ ‘ _
tatg was congentrated to 8% (w/v) proteir  go E'Sf\r;siphaiu;e'o.?p‘;g"; Zn
using the Pellicon Cassette System 10,0 R- and y-globulins; b, a-globulin
NMWL (Millipore, Bedford, MA, USA) and
cleared by filtration through a 50-S Zeta Plu:
membrane (Cuno, Meriden, CT, USA). Con-
ductivity was adjusted to 1.4 mS/cm, pH 5.2
and the liquid chromatography method wa:
used after this step.

Thirteen liters of the sample describec
above were applied to a PS-370/15 chrc
matographic column (15 cm in height by 37
cmin diameter) containing DEAE-Sepharost
FF ion-exchange gel (Pharmacia Biotect
Uppsala, Sweden) equilibrated with 20 mV
acetate buffer, pH 5.2, at1® at a flow rate
of 2 I/min (Figure 2). The albumin eluted
from this gel with 25 mM acetate buffer, pH
4.5, presented 96% purity as determined b ' : '
cellulose acetate electrophoresis. This albt 30 60 90
min solution was concentrated about 7% (w Time (min)

V) using the Pellicon Cassette System 10,000
NMWL (Millipore), its pH was adjusted to
5.2 with 1 M NaOH and its conductivity to
5.0 mS/cm with NaCl. The albumin was ther
heated to 5% for 3 h to precipitate fatty
acids, followed by cooling to°@. The pre-
cipitate was isolated by centrifugation anc
the supernatant filtered through 50-S and 9(
S Zeta Plus membranes (Cuno). The pH ¢
the albumin solution was adjusted to 6.(
with 1 M NaOH and the material was ap-
plied to four PS-370/15 columns (15 cm ir
height by 37 cm in diameter) connected ir
series, totalling 60 cm in height, containing
Sephacryl S-200 HR filtration gel (Pharmacie
Biotech). The columns were equilibrated ant 0
eluted with 50 mM NacCl, pH 6.0, at a flow Time (min)

rate of 600 ml/min, at P& to remove the
remaining globulins polymers and proteinFigure 3 - Elution profile on Sephacryl S-200 HR gel. The sample, 4.0 | of albumin at 6 to 7%

t Fi 3) Th b . lut /v) concentration, was applied to 4 PS 370/15 columns connected in series for each cycle.
aggregates ( igure ) € albumin elute e columns were eluted with 50 mM sodium chloride, pH 6.0, at a flow rate of 600 ml/min

from the Sephacryl S-200 HR gel was conat room temperature.

and transferrin; c, albumin; d,
ceruloplasmin, aj-chymotryp-
sin, ap-antitrypsin and other pro-
d teins. Thirteen liters of sample
protein at 8% (w/v) concentra-
tion were applied to the PS 370/
15 chromatography column
equilibrated with 20 mM ace-
tate buffer, pH 5.2; peaks a and
b were eluted with the same
equilibration buffer; peak c was
eluted with 25 mM sodium ace-
tate buffer, pH 4.5; peak d was
eluted with 150 mM sodium ac-
etate buffer, pH 4.0. The flow
rate was 2.0 I/min at room tem-
perature.

~
o
(¢}

(9]
o
f

50

Albumin

w
o

N
o

Absorbance at 280 nm (% peak maximum)
N
o

Acetate buffer pH 4.0

Sample
< Acetate buffer pH 5.2

[y
o
By

( " Acetate buffer pH 4.5

—

m)

u

=

o

o
!

80

Elution of salts

60

40

S/tart of collection

olymers

20 1

‘ P
/
|
ﬁ&\
| End of collection

- - Conductivity

Absorbance at 280 nm (% peak maxim

———— Absorbance

180

©
o

Braz ] Med Biol Res 31(11) 1998



1386

K. Tanaka et al.

Viral inactivation was performed by pas-product were applied according to the guide-
teurization at 68C for 10 h (11,12). The lines of the Pharmacopée Européenne (13)
final product was bottled in a vial containingand to Regulation No. 2.419 of 12/17/1996
50 ml albumin at a concentration of 20%. Aof the Brazilian Ministry of Health.
schematic presentation of the flow diagram
for the production of human albumin is pre-Results and Discussion

sented in Figure 1.

All the methods for the evaluation of the

Table 1 - Characteristics of 20% albumin obtained by the method described.

Fifteen lots were analyzed. *Pharmacopée Européenne (13).

Results Specifications*
Yield (g/l plasma) 25.0+ 0.5 -
Protein concentration (w/v) 20.0 = 1.0% >95 to <105%
Purity (cellulose acetate
electrophoresis) >99.0% >95%

Size distribution (Superdex 200)
Monomers
Dimers
Polymers
Pyrogens
Abnormal toxicity
Sodium caprylate
Prekallikrein activator activity
Aluminum
pH
Sodium
Potassium
Heme (absorbance at 403 nm)
Anti-HIV
Anti-HCV
HBS-Ag

——
QD

99.0 t0 99.3%

0.7 to 1.0%

not detected
satisfactory
satisfactory

0.16 mmol/g protein
<5 IU/ml

<50 pg/l

6.8t0 7.0

140 = 5 mmol/l
<0.05 mmol/g protein
<0.04

negative

negative

negative

Plasma

Serum protein

mono + dimers = 95%

polymers = 5%
satisfactory
satisfactory
<35 |U/ml
<200 pg/l
6.7t0 7.3

<160 mmol/l
<0.05 mmol/g protein
<0.15

negative
negative
negative

Albumin

= Serum protein

100%

Figure 4 - Cellulose acetate electrophoresis. a, Plasma pool; b, albumin. The sample
volumes were: plasma pool, 25 pl of 10 g/l, and albumin, 25 pl of 30 g/l. Protein was
detected with Ponceau S and the data are reported as percent of total densitometer units.
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The quality control of the albumin of 15
batches produced by a combination of the
method of Cohn and liquid chromatography
presented highly satisfactory results. The
yield calculated for 1 liter of plasma was
25.0 £ 0.5 g and the largest plasma fraction-
ation centers consider this an excellent yield
for both the Cohn and chromatography meth-
ods. The protein concentration of the albu-
min solution (final product) was 20.0 + 1.0%
as determined by the biuret method, and
purity was more than 99%, as determined by
cellulose acetate electrophoresis and by im-
munoelectrophoresis.

The molecular size distribution of albu-
min was evaluated by gelfiltration using two
Superdex 200 HR 10/30 columns (Pharmacia
Biotech) in series. The sample volume ap-
plied was 200 pul (3%) at a flow rate of 1 ml/
min at room temperature, eluted with so-
dium phosphate buffer, pH 7.0, resulting in
the detection of 99.0 to 99.3% monomer, 0.7
to 1.0% dimers and the absence of polymers
or aggregates. PKA levels were less than 5
IU/ml as compared to the reference prekalli-
krein activator of the FDA, and mean alumi-
num levels were50 g/l as determined by
atomic absorption spectrophotometry. The
tests for anti-HIV, anti-HCV and HBsAg
antibodies, carried out to guarantee biologi-
cal safety, were negative. The tests carried
out to determingn vivo pyrogenicity and
toxicity yielded satisfactory results. The char-
acteristics of the final product are reported in
Table 1 and illustrated in Figures 4 and 5.

The aim of the present study was to pro-
cess large volumes of plasma per batch in
order to produce human albumin at low cost,
with a reduction of processing time to pro-
vide a product of high quality in high yields.
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The integration of the method of Cohn
and liquid chromatography resulted in ar
attractive alternative in both technological
and economic terms. The positive points o
this combination of methods were: 1) the us.

)
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a

b
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Figure 5 - Immunoelectrophore-
sis of human plasma (a) and al-
bumin (b) prepared by the meth-
od described here. A polyclonal
antibody preparation against hu-
man plasma was used. The vol-
umes applied to the gel were 2

of a small amount of ethanol at a maximunThe solution was limpid, light yellow to | each piasma pool (10 mg/mi)
concentration of 19% due to the use of onlglightly greenish in color, with a visual ap-and albumin (30 mg/mi). Protein
two precipitation phases with cold ethanolpearance superior to that of albumin pro¥as detected with light green

the 1stfor F-I + Il + Il and the 2nd for F-IV. duced entirely by chromatography. Stabilitfta'n'
2) In the two precipitation steps by the methoavas satisfactory after pasteurization and in
of Cohn we isolated fibrinogeg;globulin, quarantine tests. The albumin product was
part ofa- and R-globulin, antithrombin 1l 99% monomers and 1.0% dimers and there
and complement components (1), so that th@ere no higher aggregates. The mean yield
F-IV supernatant contained high albumirobtained was 25.0 + 0.5 g/l plasma and the
levels of 70 to 75% purity and pH 5.2. Thuspurity of albumin, as determined by cellu-
this step provided excellent conditions folose acetate electrophoresis, exceeded 99%,
the next chromatographic method step. 3Jemonstrating the efficiency of the com-
The use of two different processes in théined method.

chromatography step, i.e., ion-exchange on We can compare the cost for the produc-
DEAE-Sepharose FF (Figure 2) and gel filtion of 200 | of plasma per batch by the
tration on Sephacryl S-200 HR (Figure 3)priginal Cohn method, by the whole process-
resulted in a high quality, pyrogen-free proding in chromatography method and by the
uct with a reduction of viruses, as previouslyecommended combined method. When the
reported and validated by Pharmacia Biotecproposed combined method is used the re-
(14), associated with the process of viratluction in the expected cost is about 15%
inactivation by pasteurization at®Dfor 10 compared to the original Cohn method and
h. This guaranteed the biological safety 080% compared to the chromatography meth-
the final product. 4) Since the protein levebd alone. This combined method was devel-
of the F-IV supernatant obtained by theoped on the basis of the availability of raw
method of Cohn was 2.9%, it was concenmaterial in our country and the fact that
trated to 8% (w/v), consequently reducindarge-scale production would help to reduce
the volume to half of that of the initial plasmathe volume of imported hemoderivatives and
volume. This permitted us to use liquid chroconsequently their cost.

matography equipment of lower capacity,

resulting in a reduced consumption of equiliAcknowledgments

brating buffers and a reduced number of

cycles in the production process. Operating The authors wish to thank Dr. Hiroyoshi
time was also reduced from 6 days in th&o from the Japanese Red Cross, Chitose,
chromatographic method to 4 days in thisHokkaido, Dr. Komei Ohashi from Kaketsu-
method, with marked production economyken, Kumamoto, and Dr. Kentaro Nakamura
With the introduction of the albumin fatty from Green Cross, Osaka, for their helpful
acid precipitation step after elution from thesuggestions and the opportunity of training
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